The use of fast polarized projectiles in nuclear reactions provides a possible tool for studying the spin-dependence of nuclear interactions. In the first section general properties of such reactions are discussed. For incident neutrons or protons and a value L, for the maximum partial wave that need be considered in the incident beam, the results are summarized in theorems 3 and 4.
I. INTRODUCTION 'HE production of a beam of polarized elementary particles might provide a useful tool for the study of the spin-dependent interactions of these particles. During the past twenty years a number of methods have been suggested for accomplishing this. The most successful of these has been the polarization of thermal neutrons by scattering in iron in a magnetic field. ' The use of these neutrons to study spin-dependent The present investigation concerns the possibilities of producing and utilizing polarized beams of protons. In the introduction the general properties of reactions involving polarized particles of spin -, are considered, while in succeeding sections specific reactions involving polarized protons are proposed and discussed. It will be assumed throughNow at Carnegie Institute of Technology, Pittsburgh, Pennsylvania.
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A superposition of n states of the form (1) with arbitrary phase relations is expressed ( Q {A;»'+A *, a ') c~~X =1 (3) where c), is the weight with which a particular state is introduced, and eq is an arbitrary phase factor' which enters into any meaningful result (such as an expectation value) only in the form eq*eq, which is defined to be equal to 8) 
The most complete knowledge that may be found experimentally concerning a spin state is the mean value of an arbitrary operator for that state.
Since any operator may be written in terms of cr" To prove Theorem 3(a) an outgoing beam is considered with intensity Io in a given direction (xo, yo, zp) . Symmetry about the axis of incidence (s axis) must obtain because no other direction is defined; therefore, the intensity is Ip at (xo, -yo, &0). Now consider the transformation X =X) 8 =S.
The only effect of this on the incident wave is to reverse the direction of polarization (because the spin is an axial vector); for the outgoing wave it gives the intensity Ip at (pop, -yp, sp). Thus the intensity is the same for the two directions of po1arization.
The proof of 3(b) will be given in two steps, the first of which parallels the proof just completed. Let the intensity at (xo, yp, zp) The formalism employed here is clearly symmetrical in initial and final states. Theorems 1, 2, and 3 may therefore be easily transformed into theorems concerning the angular distribution of a specified state of polarization of an outgoing particle provided the incident particle is unpolarized. In particular, from Theorem 3 one obtains Theorem 4. -For an incident unpolarized beam, the outgoing particle, if polarized, will be polarized perpendicular to the plane of the motion and the polarized intensity will have an angular distribution 2 L1118, X 1 a"cos "8 sin8.
The special case of elastic scattering will now be considered further. In the customary theory of scattering" extended to particles of spin 2 the scattered wave may be written:
where U(r) is essentially an outgoing spherical wave, uo is the initial spin state, and f(8, P) is an operator 
A(E) 5'Re(po'po'*)+«(po'p '*) Re(po'po'*)- The results are given in Fig. 1 (1947) . odS/dec = -2X' sin8 sin(y3/2 y)) X { sinbp sin(y»2+y)+o1 -80) -(1//2$ ) sin('r»2+'ran+0'1+g ills ) +3 cos8 sing»2 sing~}n.
Here (25)
It = h/3A, r/ = Ze'/A1/ a1= 2 tan-'r/, s =sin(8/2), n = (kXk')/ { k Xk'~, (26) where e is the incident velocity, M is the reduced mass of the proton, and k and k' are incident and outgoing wave vectors, respectively. From Eq. (7) the percentage polarization is equal to the magnitude of e n, which will be written o-. Fig. 4 . Cases 1A and 2A are distinguished by the assumed sign of bo'. negative for 1A and positive for 2A.
These conclusions may be modified by consideration of the recent data.
V. POLARIZATION EFFECTS IN COULOMB

SCATTERING
The earliest method suggested for the polarization of an elementary particle was to make use of the spin-orbit coupling in the Coulomb scattering of electrons. ' Mott found that a polarization of the order of 30 percent should be possible at relativistic velocities and large atomic numbers. Recently Schwinger' has proposed a method for polarizing neutrons employing the interference between the spin-dependent Coulomb scattering and the nuclear scattering at small scattering angles where the two are of the same magnitude. For the case of protons, which will now be considered, however, the spinindependent Coulomb scattering greatly decreases this e8ect at small angles.
A classical treatment of this interaction between the proton spin and the Coulomb 6eld is not significant at any energy as may be shown from an uncertainty principle argument. " In the quantummechanical approach, the proton is treated by the Dirac equation with an added Pauli term to (E -eV+Pmc')4 = -ce y% -(el'4/2Mc) (p./i)Pn Ee, (29) where V is the Coulomb potential, E= -V'V, and 44, is the anomalous moment in units of eh/2Mc. Eqs. (5) and (7) (14) and (15) So"= 2 {~h ) ' -~e o h~'}dho. &~o (35) where & is the angle between the initial polarization and the axis of incidence. It is to be noted that the depolarization is proportional to the square of the spin-dependent interaction and is not affected by interference between the spin-dependent and spinindependent scattering. Since the depolarization is found to be small the total depolarization for a If h is a well defined vector, that is, independent of the spin of the scatterer, the integration over g may be carried out using the fact that h must be perpendicular to the plane of the motion and independent of p in magnitude. This gives Hp So"= (1+cos'$)2m.~r~h(8)~' sin8d8, (36) thickness t may be given by S&"Nt. In this case some particles will be included in the calculation that are scattered through a total angle greater than 8p due to plural small angle scattering, thus somewhat overstimating the depolarization. It will prove satisfactory for present purposes, however, to obtain an upper limit on the depolarization.
Five causes of depolarization are considered.
(1) Elastic Coulomb scattering from the nucleus. Using Eqs. (30) and (36), replacing the lower limit of the integral in the latter by an angle 8;", and assuming 8;" ((8p((1one finds (S "), =2 (1+cos'g)(ti, +-')"-X (Ze'/Mc')' ln (8o/8;"). (37) The angle 8;" is determined by the screening of the Coulomb field by the atomic electrons; for a screening radius rp 8min =~/ro (38) (So")i=610 "Z'.
(2) Inelastic Coulomb scattering from atomic electrons. As might be expected, this gives a A classical calculation based on the precession of the spin in the magnetic field also gives Eq. (37) If the initial intensity is Io the intensity after a scattering or a nuclear reaction is
where X is the number of scattering centers per unit volume, t is the thickness, and the limits of the integral are determined by the experimental geometry. The polarized intensity equals r&s&Io --(¹)i~t '(eydS/dko) Setting the arbitrary criterion that the statistical error should be less than one-tenth of the effect to be measured, the total number of incident particles required is IoT& 100/(sosiro'ri').
The required values of IOT have been estimated from Eq. (45) for several experiments on the assumption that the scattering thickness and the solid angle of the scattering are determined from the following considerations:
(1) the incident energy in each scattering act must be well-defined relative to the width of the polarization maximum, (2) the final proton must be able to reach the counting apparatus, (3) within these limitations product sr' is to be maximized for each reaction.
Order-of-magnitude results follow:
A. Polarized protons produced by He'(n, p) reaction and detected by Li'(P, u) reaction. C. Double scattering from helium. This is particularly hard to estimate because it has not been possible to determine the expected energy dependence of the polarization effect. If a resonance actually exists, it appears to be as broad as the proton energy loss caused by 90' scattering. It therefore seems possible that the initial scattering could be done at the high energy side of a polarization maximum and the second scattering at the low energy side of the same maximum. Another possibility is that suggested by Schwinger for the case of neutrons; that is, using one polarization maximum for the first scattering and a second maximum (see Figs. 2 and 3) for the second scattering. In either case one has very roughly IoT& 2 10"/(roo')io(roo ) 2'. This gives about 0.005 microampere-hour of 3.0-to 4.0-Mev protons required.
Thus neither of the last two possibilities can be ruled out solely on the basis of the fundamental limitations considered here. On this basis the double scattering experiment from helium appears the most practical. Both of the last two are made more difficult by the fact that the energy at which the polarization effect occurs for each of the two reactions must be determined experimentally. It must be emphasized that important practical limitations have not been considered here; in particular, limitations on the usable solid angle in each reaction imposed by the experimental geometry and the background count. Consequently it cannot be concluded whether any of the possibilities considered here is practical at this time.
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